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INTRODUCTION. 
The unusual prevalence of pneumonia during the past 2 years has 
led to much intensive study of the disease.  Perhaps the most im- 
portant contributions to these studies have been the increasiffg empha- 
sis laid upon etiologic classification  of pneumonia, the correlation of 
the clinical features and pathology of the disease with the various 
bacteria  that  are  capable  of producing it,  and  the indication that 
prophylactic vaccination against certain types of pneumococcus pneu- 
monia may lead to a reduction in the incidence of these types. 
The different biologic types of pneumococcus, Streptococcus keemoly- 
titus, and Bacillus inflatenzee have been the organisms  most frequently 
associated with the pneumonia that has occurred.  While it has been 
found possible to differentiate to a  considerable extent the clinical 
features and pathology of the various types of pneumonia caused by 
these different bacteria, many points have remained obscure because 
of the frequent occurrence of mixed infections, especially in the pneu- 
monia that has followed influenza.  Perhaps the greatest difference 
in opinion has arisen with respect to the relation of Bacillus influemee 
to  epidemic influenza and  to  the  pneumonia which so  frequently 
complicates it.  Similarly, though the results of prophylactic vaccina- 
* The authors desire to express their indebtedness to Colonel F.  F.  Russell, 
Medical Corps, U. S. Army, and to Lieutenant Colonel H. J. Nichols,  Medical 
Corps, U. S. Army, through whose cooperation every facility for the conduct of 
these  experiments was  made  available; also  to  Second Lieutenant  Gustav L 
Steffen,  Sanitary  Corps,  U.  S.  Army, for technical  assistance  throughout  the 
course of the investigation. 
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tion  against pneumococcus pneumonia strongly suggest that  a  defi- 
nite degree of immunity against lobar pneumonia is provided by this 
procedure, the interpretation of statistical studies upon the incidence 
of disease in  man is  always difficult because  of uncontrollable  and 
apparently unrelated factors that may influence the outcome of the 
experiment. 
It seemed possible that more definite knowledge might be obtained 
concerning  the  various  types  of  pneumonia  and  the  efficiency of 
prophylactic vaccination if a  study of experimental pneumonia were 
undertaken, since by this means pure infections might be dealt with 
and adequate experimental controls would be available.  In addition, 
a  study  of  the  therapeutic  efficiency of  Type  I  antipneumococcus 
serum and of an outbreak of spontaneous pneumonia among the stock 
animals was conducted. 
Since it had been previously found  I that experimental pneumonia 
could readily be produced in the monkey by the intratracheal injec- 
tion of small amounts of Culture, this animal was selected as offering 
the best opportunity for success.  Two species of monkeys have been 
used,  Macacus  syrichtus  from  the  Philippine  Islands  and  Cebus 
capucinus  from Central America.  All were fresh stock and had not 
previously been kept in captivity in  this country.  Normal animals 
were used throughout, no preliminary procedures to lower resistance 
or to produce injury to the respiratory tract being resorted to except 
in a few instances for special purposes as indicated in the text.  The 
results of the study will be reported in a series of papers.  2 
10pie, E. L., Freeman, A. W., Blake' F. G., Small, J. C., and Rivers, T. M., 
unpublished experiments. 
The present paper is the first of this series; Paper II follows.  The others 
will appear  in later numbers of this Journal.  Their titles  are as follows: III. 
Spontaneous pneumonia in monkeys.  IV. Results of prophylactic vaccination 
against  pneumococcus pneumonia in  monkeys.  V. Active  immunity  against 
experimental pneumococcus pneumonia in monkeys following vaccination with 
living cultures of pneumococcus.  VI. Active immunity following experimental 
pneumococcus pneumonia in monkeys.  VII. Treatment of experimental Pneu- 
mococcus Type I pneumonia in monkeys with Type I antipneumococcus  serum. 
VIII. Experimental Streptococcus lueraolyticus pneumonia in monkeys.  IX. Pro- 
duction  of influenza in monkeys by inoculation with  Bacillus influenz¢e.  X. 
Pathology. of experimental influenza and  of Bacillus influenzce pneumonia in 
monkeys. FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL  405 
Pneumococcus Lobar Pneumonia. 
Many  attempts have been made to produce lobar pneumonia in 
animals,  s  In  the  instances  in  which  a  lobar  consolidation of  the 
lung has been successfully produced, the results have not been alto- 
gether satisfactory either because it has not been clearly shown that 
the animals suffered from clinical lobar pneumonia as  seen in man, 
or  because large  amounts  of  culture  material  were  injected under 
more  or  less  artificial  conditions,  or  because  various preliminary 
procedures injurious to the respiratory tract were resorted to in order 
to render the animal susceptible to infection.  In the present experi- 
ments the  attempt has been made to  avoid these objections in  as 
far as was possible, while at the same time a method of inoculation 
was employed that would consistently produce the desired result. 
Four  highly  virulent  strains  of  pneumococeus have  been  used 
throughout.  Three of these were stock laboratory strains originally 
isolated  from  cases  of lobar  pneumonia of Pneumococcus Type  I, 
Pneumococcus Type II, and Pneumococcus Type III respectively, of 
which 0.0000001  cc.  of an  18 hour broth culture injected intraperi- 
toneally  regularly killed white  mice within  48  hours.  The  fourth 
was a pneumococcus of Type IV isolated at autopsy from a monkey 
dying of spontaneous lobar pneumonia.  This pneumococcus killed 
white mice within 48 hours when injected intraperitoneally in doses 
of 0.000001  c¢. of an 18 hour broth culture. 
Methods. 
The method of  inoculation was by direct  intratracheal injection, 
under aseptic  precautions, by the insertion of a  small caliber,  dry, 
sterile needle into the lumen of the trachea between the tracheal car- 
tilages just below the larynx and the introduction of the culture by 
means of a Luer glass syringe inserted into the stock of the needle. 
8  Wadsworth, A., Am. J. Med. So., 1904, cxxvii, 851.  (This  article contains a 
review of the older literature.)  Lamar, R. V., and Meltzer, S. J., Proc. Soc. Exp. 
Biol. and Med., 1909:10, vii, 102; J. Exp. Med., 1912, xv, 133.  Wollstein, M., 
and Meltzer, S. J., ]. Exp. Med., 1912, xvi, 125.  Wintemitz, M. C,, and ttirsch- 
felder, A. D., J. Exp. Med., 1913, xvii, 557.  Sisson, W. R., and Walker, I. C., 
J. t~xp. Med., 1915, xxii, 747. 406  EXP:EBIMI~.NTAL  PNEUMONIA.  I 
The  procedure is  relatively simple,  takes but  a  few seconds,  sub- 
jects the animal to a minimal amount of trauma, and is not attended 
by gagging or coughing.  In no instance at autopsy has there been 
any evidence of local injury or infection in the trachea or in the tissue 
surrounding  it.  The  amounts  of  culture  injected  ranged  from 
0.000001  to  1  cc.  of  an  18  hour plain  broth  culture.  A  constant 
amount of fluid,  1  cc.,  was  used  throughout, dilutions of cultures 
being made in plain broth. 
The methods of study after inoculation consisted in  observation 
and  record of clinical symptoms and physical signs,  the  taking of 
morning and afternoon temperature (rectal), daily counts of the white 
blood corpuscles with examination of stained blood films and differ- 
ential white blood counts, and daily blood cultures in broth and in 
poured agar plates with record of the number of pneumococcus colo- 
nies developing  per 0.5 cc. of blood.  No record of the pulse or respira- 
tion rate  was kept, since it was not found feasible  to record these 
accurately.  X-ray plates were taken in a few instances (Figs. 1 and 
2), but no systematic study was made.  Autopsies with bacteriologi- 
cal  examination were performed on all  animals  that  died  or  were 
killed. 
EXPERrM'ENTAL. 
Production  of  Lobar Pneumonia  by  the  Intratracheal  Injection  of 
.P~t~umococcus . 
Thirty-seven normal monkeys were injected intratracheally with 
cultures of pneumococcus in amounts ranging from 1 to 0.000001  cc. 
of an 18 hour broth culture, a constant amount of fluid, 1 cc., being 
used in all the experiments.  Pneumococcus Type I  was used thirty- 
one times; Pneumococcus Type II, twice; Pneumococcus Type HI, 
three times; and Pneumococcus Type IV, once.  In  thirty-two in- 
stances lobar pneumonia in all its aspects resembling the disease as 
seen in man was successfully produced.  In. five cases the monkeys 
failed to develop pneumonia.  The results are shown in Table I. 
It will be seen from the data presented in Table I  that pneumonia 
was as readily produced by the injection of 0.000001  cc. of pneumo- 
coccus as with larger amounts.  Of the twenty-six monkeys in which FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL  407 
lobar pneumonia was produced with Pneumococcus  Type I, twenty-one 
died, and five recovered, the latter all receiving amounts of less than 
0.001 cc.  With the exception of the fact that all the monkeys which 
received 0.001 cc. of culture or more died, there is no evident relation 
between the duration of the disease and final outcome on the one hand 
and the weight of the monkey or amount of culture injected on the 
other.  The differences probably depended upon individual variation 
in resistance to pneumococcus infection. 
Although  the  strains  of  Pneumococcus Type  II,  Type  HI, and 
Type IV used were as virulent for mice as the strain of Pneumococcus 
Type I, they proved much less so for monkeys.  Of the six monkeys 
injected  with  these  organisms  all  recovered,  although a relatively 
large amount of culture, 0.1 to 1 cc., was used. 
No attempt is made to explain the failure to produce pneumonia 
in five animals.  Monkey 4 died in 23{ hours with an overwhelming 
septicemia.  Monkey 27 died on the 3rd day with an acute fibrino- 
purulent  pneumococcus  pericarditis  and  overwhelming septicemia. 
Monkeys 63, 76, and 128, all of which received minute  amounts of 
culture, showed no evidence of infection. 
In addition to the cases shown in Table I, lobar pneumonia was 
successfully produced in a  similar manner in  twenty-nine other  ex- 
periments,  twenty  times  with  Pneumococcus Type  I,  twice  with 
Pneumococcus Type  II,  twice  with  Pneumococcus Type III,  and 
five times with Pneumococcus Type IV.  These monkeys had either 
been vaccinated previously with pneumococcus vaccine, or had had a 
preceding attack of pneumonia, or were treated with antipneumococ- 
cus serum, and therefore, although they were in normal health at the 
time of injection, they are excluded from the series of normal animals 
shown in Table I.  Experiments dealing with them will be presented 
in  Papers  IV  to  VII.  The clinical records of  some,  however,  are 
included in this paper  in order to illustrate certain features of the 
disease. 
In the  following paragraphs  abbreviated protocols illustrative  of 
the  clinical features  of  the pneumonia experimentally produced in 
monkeys are presented, study of the pathology of the disease being 
reserved for Paper II.  Since many of the experiments were entirely 
similar, it has not seemed necessary to give the protocols of all, those 408  EXPEREWENTAL  PNEUMONIA.  I 
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presented having been selected with the purpose of bringing out as 
fully as possible the various aspects of the disease.  The temperature, 
white blood counts, and results of blood cultures are shown in Text- 
figs. 1 to 17. 
Experiment 1.  Monkey 115 (Text-Fig. 1).--Macacus syrichl/us,  female; weight 
3,015 gin.  Previ6usly inoculated with Pneumococcus Type III on June 24, and 
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~cr-FIo.  1. Monkey 115.  Exper~ental  lobar pneumonia following  the 
intra~cbeal ~njection of 0.00000! cc. of Pne~ococcus Type I broth culture. 
with Pneumococcus Type IV on July 1, 1919.  July 25.  Well and active.  July 
26, 10.20 a.m.  Intratracheal injection of 0.000001 cc. (in 1 co.) of 18 hour broth 
culture of Pneumococcus Type I.  4 p.m.  Appears well.  July 27.  Moderately 
sick; respirations rapid and labored, with expiratory grunt.  July 28.  Condition 
the same.  July 29.  Quite sick; no appetite; breathing rapidly; coughs frequently. ~¢RANCIS G.  BLAKE AND  RUSSELL  L.  CECIL  413 
Dullness and suppressed breath sounds over fight lower lobe.  July 30 to Aug. 1. 
Condition the same.  Aug.  2.  Appears well and active; breathing easily; tem- 
perature fallen to normal by crisis.  Aug. 4.  Continues well. 
D/agnos/a.--Lobar pneumonia, right lower lobe. 
Experiment  2.  Monkey  117  (Text-Fig.  2).--Macacus syric~, male; weight 
2,565 gin.  July 23,  1919.  Well and active.  July 24,  11  a.m.  Intratracheal 
injection of 0.000001 cc. (in 1 cc.) of 18 hour broth culture of Pneumococcus Type 
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TExT-FIo. 2.  Monkey  117.  Experimental  lobar  pneumonia  following  the 
intratracheal injection of 0.000001 cc. of Pneumococcus Type I broth culture. 
I.  4.30  p.m.  Appears well.  July 25,  11 a.m.  Shivering  violently.  Respi- 
rations accelerated.  July 26.  Sick; respirations rapid and labored; lungs clear. 
July 27.  Condition the same.  July 28. Refuses food; breathing rapidly; dull- 
ness  over fight lower lobe.  July 29.  Condition the  same.  Marked  dullness, 
suppressed breathing, and fine moist rMes over right lower lobe; coughs occa- 
sionally.  July  30.  Condition  the  same.  July  31.  Appears  well;  breathing 
oasily; temperature fallen to normal by crisis.  Aug. 5.  Continues well. 414  EXPERIMENTAL  PNEUMONIA.  I 
Diagnosis.--Lobar pneumonia, righ~ lower lobe. 
Experiment  3.  Monkey  81  (Text-Fig.  3).--Macacus  syrichta~s, female; weight 
2,750 gin.  May 12, 1919.  Well and active.  May 13, 10.55 a.m. Intratracheal 
injection of 0.00001 ce.  (in  I  co.)  of  ~8 hour broth culture of Pneumocoecus 
Type I.  4.20 p.m.  Appears well.  May 14. Quiet but otherwise appears well. 
May 15.  Moderately sick; breathing rapidly.  May 16 to 18.  Condition the same. 
May 19 to 22. Appears sicker; huddled up leaning against side of cage; respira- 
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T~xT-Fxo. 3.  Monkey  81.  Experimental  lobar  pneumonia  following  the 
intratracheal injection of 0.00001 cc. of Pneumococcus Type I broth culture. 
tions rapid and labored.  May 23. Appears much better, but manifests consid- 
erable weakness  arid  dyspnea on exertion; temperature normal.  May 25.  Ap- 
pears stronger.  May 29.  Remains well.  Killed. 
Autopsy.--Lobar  pneumonia, right middle and lower lobes,  resolving;  acute 
fibrinous pleuritis,  right. 
C~d~res.--Heart's blood and right lower lobe, no growth. FRANCIS  G. BLAKE  AND  RUSSELL  L. CECIL  415 
Monkeys  115,  117,  and  81  show  well  the characteristic clinical 
features of relatively mild lobar pneumonia with recovery.  It will be 
noted that the temperature curves are identical with those of similar 
cases in man, presenting the features of sudden onset, sustained ele- 
vation  throughout the  course of  the  disease,  and  a  critical fall  to 
normal on the 7th or 8th day.  The characteristic chill at onset was 
observed in Monkey 117.  In relatively mild pneumonia such as these 
cases  represent  monkeys  appear  only  moderately sick,  sitting  up 
throughout the course of the disease, and never exhibiting any degree 
of prostration.  The clinical symptoms consist of characteristic rapid 
and labored respiration, often with expiratory grunt, infrequent cough 
rarely  appearing  before  the  latter  half  of  the  disease,  and  loss  of 
appetite and activity.  Monkeys 115  and  117  show a  characteristic 
transient invasion of the blood by pneumococci with disappearance 
of  the  bacteremia several days  before crisis.  Monkey 81  shows  a 
low grade bacteremia throughout the active stage of the disease, an 
uncommon feature in  monkeys that  recovered.  The  characteristic 
leucocyte curve  in  non-fatal  pneumonia  is  well  illustrated  in  all 
three  cases.  It  consists  of  a  preliminary high  polymorphonuclear 
leucocytosis followed by  a  fall  to  normal,  a  secondary rise  during 
the latter half of the disease, and a  return to normal with crisis.  It 
will be noted that the first fall of leucocytes to  normal is  approxi- 
mately coincident with the peak of the bacterernia, a feature that has 
occurred with surprising constancy throughout the series of experi- 
ments.  This type of leucocyte reaction has occurred in aU monkeys 
that have recovered, with the exception of four in which the secondary 
rise was not demonstrated. 
Experiment 4.  Monkey  75  (Text-Fig. 4).--Macacus  syricktus, male; weight 
4,200 gln.  Apr. 28, 1919. Well and active.  Apr. 29,  11.10 a.m. Intratracheal 
injection of 0.0001 co. (in 1 ce.) of 18 hour broth culture of Pneumoeoccus  Type L 
5.10 p.m. Appears well.  Apr. 30, 11 a.m. Sits huddled up; shivering; respira- 
tions slightly accelerated.  May 1.  Sick; refuses food; respirations rapid  with 
expiratory grunt.  Moderate dullness, diminished breath sounds, and fine moist 
r~les in left lower axiUa.  May 2.  Condition the same.  Dullness  and bronchial 
breathing over left lower lobe.  May 3 to 8.  Condition remains the same; coughs 
frequently.  May 9. Improving.  May 10.  Seems  well and active, though weak. 
Temperature fallen to normal by crisis.  May 15. Remains well.  X-ray pho- 
tograph of chest shows an area of density in the left lower chest (Fig. 1). 
Diagnosis.--Lobar pneumonia, left lower lobe. 416  EXPEI~IME~NTAL PNEUMONIA.  I 
Monkey 75 illustrates a  prolonged severe case of lobar pneumonia 
with final  recovery by  crisis  on the  12th  day.  The  sudden onset 
with chill, the rapid respiration with expiratory grunt, and the physical 
signs are  all  characteristic  of typical lobar  pneumonia.  The  diag- 
nosis was confirmed by x-ray.  The absence of a secondary rise in the 
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TExT-FIo. 4.  Monkey  75.  Experimental  lobar  pneumonia  following  the 
intratracheal injection of 0.0001 cc. of Pneumococcus Type I broth culture. 
leucocyte curve is illustrated in this case, a feature of unusual occur- 
rence in monkeys that recovered. 
Experiment 5.  Monkey 110 (Text-Fig. 5).--Macacus syricht~s, female; weight 
2,710  gin.  May 26,  1919. Well and active.  May 27,  10.20 a.m.  Intratracheal 
injection of 0.000001  cc.  (in  1 cc.)  of 18 hour broth culture of Pneumococcns 
Type  I.  May  28.  Quiet;  respirations  rapid.  May  29.  Appears  moderately • P~ANCIS O.  BLAKE AND  RUSSELL L.  CECIL  417 
sick; refuses food; breathing rapidly.  May 30.  Condition the same.  May 31 
to June 1. Very sick; respirations rapid and labored; sits huddled up in comer 
of cage.  Jane 2. Very sick; respirations rapid and gasping; lles down on floor of 
cage at times.  Jane 3. Found dead in morning. 
Autopsy.mLobar pneumonia, right upper,  middh,  and lower lobes; red and 
gray hepatization;  acute  fibrinopurulent perlcarditis; acute fibrinous  pleuritis, 
right; cardiac dilatation. 
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T~xT-FIo. 5.  Monkey  110.  Experimental  lobar  pneumonia  fonowing the 
intratracheal injection of 0.000001 cc. of Pneumococcus Type I broth culture. 
Cul~ures.wHeart's blood, bronchus, right lower lobe, and  pericardial  fluid, 
Pneumococcus Type I. 
F_~pe~nt 6.  Monkey 23 (Text-Fig. 6).--Maca~us syri~h~us, male; weight 3,555 
gin.  Mar.  17,  1919. Wen and active.  Mar.  18, 10 a.m.  Intratracheal injec- 
tion of Icc. of 18 hour broth culture of Pneumococcus  Type I.  Mar. 19, 10 a.m. 
Appears more quiet than usual,  but appetite is good and anlmM moves about 418  EXPERIMENTAL  PNEUMONIA.  I 
2  p.m.  Appears sick;  breathing rapidly; lungs  clear.  X-ray  of  chest  shows 
.~lightly increased  density in the left mid-lung  area.  Mar. 20.  Sick; respirations 
rapid and grunting; refuses food; abdomen distended and tense.  Moderate dull- 
ness and distant breath sounds in left lower axilla.  Mar. 21.  Very sick; respira- 
tions rapid and labored.  Examination of chest shows pleural friction rub, dull- 
:ness, and faint bronchial breathing in left lower axllla.  Mar. 22.  Condition the 
same.  Mar. 23.  Found dead in morning. 
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TExT-Fro.  6. Monkey  23.  Experimental  lobar 
~intrat~a~eal injection of 1 cc. of Pneumococcus  Type I  broth culture. 
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pneumonia  following  the 
Autopsy.--Lobar pneumonia, left lower lobe; engorgement and red hepatiza- 
tion; incipient lobar pneumonia, right lower lobe; acute fibrinous pleuritis, left. 
Cultures,--Heart's blood and left lower lobe, Pneumococcus Type I. 
Monkeys  110  and  23  illustrate  severe  fatal  cases of  lobar  pneu- 
monia  with  overwhelming  pneumococcus  septicemia,  Monkey  110 FRANCIS  O. BLAKE  AND  RUSSELL  L. CECIL  419 
dying on the  7th day with  complete consolidation of the  right  lung 
and a  complicating pneumococcus pericarditis,  and Monkey 23 dying 
on the 5th day with a  moderately advanced lesion of the left lower 
lobe.  The continued fall of the leucocyte curve with the development 
of a  definite leucopenia coincident with the increasing septicemia has 
consistently occurred in cases of this nature.  During this continued 
fall in  leucocytes examination  of stained  blood films has  shown  in- 
creasing  replacement  of  mature  polymorphonuclear  leucocytes by 
young forms until  the former have practically disappeared  from the 
blood.  This has been accompanied in some instances by a  terminal 
invasion  of the  blood by a  few nucleated  red blood corpuscles  and 
other  abnormal  cells of the leucocyte series.  It is noteworthy that 
even in  the most severe cases of this kind  monkeys show little  evi- 
dence of prostration  and maintain  the sitting posture until within  a 
relatively  short  time  before death.  Monkey 23  shows the  unusual 
feature of a  poor febrile reaction,  an occurrence that  is occasionally 
seen in rapidly fatal lobar pneumonia in man. 
Experirnent 7.  Monkey 42  (Text-Fig. 7).--Macacus syricktus, male;  weight 
4,955 gin.  Apr. 9, 1919. Well and active.  Apr. 10, 11 a.m. Intratracheal  injec- 
tion of 0.001 co. (in 1 co.) of 18 hour broth culture of Pneumococcus Type I.  Apr. 
11. Appears  well.  Apr.  12. Moderately  sick.  Apr. 13. Sick; sits huddled up; 
breathing rapidly.  Apr.  14.  Condition the same.  Dullness,  suppressed breath- 
ing, fine moist r~tles, and pleural friction rub in right lower axilla.  Apr. 16. Res- 
pirations rapid and labored; coughs occasionally.  Dullness, bronchial breathing, 
and moist rides throughout both axill~e.  Apr. 17 to 19.  Condition the same.  Apr. 
20. Appears much better; temperature  has fallen, but animal  is still  breathing 
rapidly.  Apr. 22. Falls to improve.  Temperature  elevated.  Apr. 28. No im- 
provement.  Continues to run an irregular fever.  Slight  exertion causes marked 
dyspnea.  May 9. Animal growing progressively weaker; exhibits constant dysp- 
nea which is greatly increased on exertion.  Heart sounds loud and thumping; no 
murmurs.  Dullness and loud bronchial breathing persist over left lower lobe; to 
and fro crackling r~les are heard,  probably pleural  in origin.  No evidence of 
empyema or pericarditis.  May 10 to 15. Condition remains unchanged.  May 
16. Found lying on floor of cage in state of collapse.  Respirations shallow and 
gasping.  11 a.m. Died. 
Autopsy.--Lobar  pneumonia, left lower and middle lobes, unresolved; right 
upper, middle, and lower lobes, nearly resolved; chronic fibrous pleuritis, left and 
right. 
Cultures.--Heart's  blood,  bronchus, and  left  lower lobe,  Pneumocoecus 
Type I. 420  EXPERIFM'~.NTAL  PNEUMONIA.  I 
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Monkey 42 illustrates a prolonged course due to an unresolved and 
organizing pneumonia with final death on the 37th day.  The char- 
acteristic temperature curve with critical fall on the  llth day, and 
characteristic leucocyte reaction with fall to normal coincident with 
the peak of the septicemia and secondary rise are well shown.  Fol- 
lowing  apparent  recovery from the  acute  stage  of the disease  the 
monkey ran a continuous irregular temperature, manifested extreme 
weakness and  constant  shortness of breath  on slight  exertion,  and 
showed persisting  physical  signs  of consolidation in  the left lower 
lobe.  An instructive feature of the autopsy was the finding of pneu- 
mococci still  present  in  the unresolved left lower lobe  and  in  the 
heart's blood, the latter probably being a  terminal invasion. 
Experiment 8.  Monkey 95  (Text-Fig. 8).--Macacus  syrichtus, male; weight 
4,100 gin.  May 12, 1919. Well and active.  May 13, 11.05 a.m. Intratracheal 
injection of 0.00001 co. (in 1 cc.) of 18 hour broth culture  of Pneumococcns 
Type I.  May 14. Quiet; respirations moderately accderated.  May 15 and 16. 
Appears sick; respirations rapid and grunting.  May 17. Dullness and suppressed 
breath sounds over right lower lobe.  May 18 to 22. Sick;  respirations rapid and 
labored.  May 23. Temperature fallen by crisis; appears much better.  May 26. 
In good condition.  May 27. Quiet; temperature  elevated.  May 28. Appears 
sick; huddled up in corner of cage; breathing rapidly.  May 31. Condition re- 
mains the same.  No evidence of pericarditis or empyema.  June 2. Temperature 
fallen by crisis; appears better.  June 4. Continues wen.  Killed. 
Autopsy.--Lobar pneumonia, left lower lobe; pleuritis, left. 
Cu/~res.--Heart's blood and left lower lobe, no growth. 
Monkey 95 presents  two  unusual  features.  The  first is  that  of 
recovery in spite of a very heavy early invasion of the blood stream 
by pneumococci.  This has occurred in few instances.  The second is 
an apparent relapse with a second attack of pneumonia beginning on 
the 4th day after recovery from the first attack.  Examination of the 
chest during the first attack showed evidence of consolidation in the 
right lower lobe.  It is possible, however, that this was a  mistaken 
diagnosis since autopsy showed only a  partially resolved pneumonia 
of the left lower lobe.  There was no evidence of any complication. 
That  the second attack was due to Pneumococcus Type I  is shown 
by the isolation of that organism from the blood on June 1. 422  EXPEI~r~/~_,NTAL  PNEUMONIA.  I 
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Experiment  g.  Monkey  30  (Text-Fig.  9).--Macacus  syrichkus,  male;  weight 
4,120 gin.  Apr. 1, 1919. Well and active.  Apr. 2, 11.10 a.m. Intratracheal in- 
jection of 0.1  cc.  (in  1 cc.)  of 18 hour broth culture of Pneumococcus Type I. 
Apr. 3.  Appears  well.  Apr.  4.  Moderately  sick;  breathing  rapidly;  breath 
sounds  suppressed  over left  lower  lobe.  Apr.  5  to  7.  Condition  the  same. 
Apr.  8.  Sicker;  respirations  rapid  and  grunting.  Examination of chest  shows 
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TEXT-I~IG. 9.  Monkey  30.  Experimental  lobar  pneumonia  following  the 
intratracheal injection of 0.1 cc. of Pneumococcus Type I  broth culture.  Death 
from cardiac dilatation (?). 
dullness  and loud bronchial breathing throughout left axilia,  pleural friction rub, 
moderate  dullness,  and  distant  bronchial  breathing  in  right  lower  front  and 
axiUa.  Apr.  10.  Appears better,  but still weak and breathing rapidly.  Tem- 
perature fallen by crisis.  Apr.  11  and 12.  Condition the same.  Apr. 13, 11.30 
p.m. Sudden collapse and death. 424  EXPERrME.NTAL  PNEUMONIA.  I 
Au2opsy.--Lobar  pneumonia, all  lobes;  gray  hepatization;  acute  fibrinous 
pleuritis, bilateral;  cardiac hypertrophy  and marked  dilatation  of right  auricle 
and ventricle. 
Cultures.--Heart's  blood and lungs, no growth. 
Monkey 30 likewise illustrates  two unusual  features.  The  first is 
an apparent delay in onset of the disease as manifested by symptoms 
and temperature reaction.  It is noteworthy, however, that pneumo- 
cocci had invaded the blood within 6 hours after  intratracheal  injec- 
tion and that the preliminary leucocytosis was completed before there 
was  clinical  evidence  that  the  monkey  had  developed  pneumonia. 
The  second  is  apparent  recovery  with  crisis  on  the  8th  day  after 
inoculation,  but death on the  12th day, autopsy revealing extensive 
consolidation  involving  all  the  lobes  and  marked  dilatation  of  the 
heart.  Cultures from the lungs and heart's blood remained sterile. 
Experiment  10.  Monkey  31  (Text-Fig. lO).--Macacus  syricktus, female; 
weight 3,850 gin.  Apr. 1, 1919. Well and active.  Apr. 2, 11.45 a.m.  Intratra- 
c.heal injection of 0.01 cc. (in 1 ce.) of 18 hour broth culture of Pneumococcus 
Type I.  Apr. 3. Appears quiet but otherwise well  Apr. 4. Moderately sick; no 
appetite; respirations rapid.  Apr. 6.  Sieker; respirations very rapid and grunt- 
ing.  Apr.  8.  Condition  the  same.  Dullness, fine moist  r~les, and  bronchial 
breathing  over  left  lower and  middle  lobes.  Apr.  9.  Coughs occasionally. 
Apr. I0.  Condition the same; pleural friction rub in left ax411a.  X-ray shows a 
dense shadow in the fourth and fifth left interspaces.  Apr. 11. Very sick; respi- 
rations deep and gasping.  3 p.m.  Died. 
Au~psy.--Lobar pneumonia, left upper, middle, and lower lobes; gray hepati- 
zation; localized empyema, left; acute purulent mediastinitis. 
Cultures.--Heart's  blood,  bronchus,  and empyema, Pneumococcus Type I; 
left lower lobe, no growth. 
Monkey 31  represents lobar pneumonia complicated by empyema. 
The  inverse  relation  between  the  degree  of  leucocytosis  and  the 
degree  of septicemia  during  the  acute  stage  of  the  disease is  quite 
striking.  A  persistent  septicemia  with  rising  leucocyte count  dur- 
ing the latter part of the disease as shown in this case has nearly always 
been  associated  with  the  development  of  a  complication  such  as 
empyema or pericarditis. I~RANCIS O.  BLAKE AND  RUSSELL L.  CECIL  425 
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TExT-FIG. I0. Monkey 31.  Experimental lobar pneumonia complicated by 
empyema  following the intratracheal  injection of 0.01 cc. of Pneumococcus 
Type I broth culture. 
Experiment  11.  Monkey  80  (Text-Fig. ll).--Macacus  syrichtus, female; 
weight 2,850 gin.  May 12, 1919.  Well and active.  May 13, 10.35 a.m. Intra- 
tracheal injection of 0.000001 cc. (in 1 cc.) of 18 hour broth culture of Pneumo' 
coccus  Type I.  May  14.  Quiet but  otherwise  appears  well.  May  15.  Sick; 
respirations rapid and labored.  May 16.  Condition the same.  May 17.  Very 
sick;  breathing  rapidly.  Abdomen  distended  and  tympanitic.  Dullness  and 
dimini.~hed breath  sounds in left lower axilla.  May  18 to  22.  Condition the 
same.  May 23. Appears better.  May 24. Very sick; lying on floor of cage; 
respirations rapid and gasping.  11.20  a.m.  Died. 
Autopsy.--Lobar  pneumonia, left lower and middle lobes; gray hepatization; 
acute fibrinopurulent pericarditis; acute fibrinous pleuritis, left. 
Cu#~res.--Heart's  blood,  pericardial  fluid,  left  lower  lobe,  Pnenmococcns 
Type I. 426  EXPERIMENTAL PNEUMONIA.  I 
Monkey 80 represents a  case of lobar pneumonia complicated by 
pneumococcus pericarditis.  The persisting septicemia with increas- 
ing leucocytosis during the  latter part  of the  disease is-well shown 
as in the case of Monkey 31. 
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TExT-FIG. 11. Monkey 80.  Experimental lobar pneumonia complicated by 
fibrinopurulent peHcarditis following  the intratracheal injection of 0.000001 co. 
of Pneumococcus  Type I broth culture. 
Experiment 12.  Monkey 48 (Text-Fig. 12).--Macacus syrichtus, male; weight 
3,590gm.  June  23,  1919. Well and  active.  June 24,  9.55 a.m. Intratrachea] 
injection of 0.1 co. (in 1 co.) of 18 hour broth culture of Pneumococcus  Type II. 
June 25.  Quiet; breathing moderately accelerated.  June 26.  Sick; refuses food; 
breathing  rapidly;  coughs occasionally.  June  27  to  29.  Condition the same. 
June 30. Appears better; more active.  July 1. Temperature  fallen by crisis. 
Appears well and active.  July 9. Continues well. 
Diagnosis.--Lobar pneumonia. FRANCIS G, BLAKE  AND  RUSSELL L. CECIL  427 
Monkey 48 presents the typical picture of a  mild lobar pneumonia 
caused by Pneumococcus Type II and is analogous in all respects to 
similar  cases  produced  by  the  intratracheal  injection  of  Pneumo- 
coccus Type I. 
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T~XT-FIo. 12. Monkey  48.  Experimental  lobar  pneumonia  following  the 
intratracheal injection of 0.1 cc. of Pneumococcus Type II broth culture. 
Expert/merit 13.  Monkey 82  (Text-Fig. 13).--Cebus capucinus, male; weight 
730 gin.  Apr. 29,  1919. Well and  active.  Apr.  30,  10.15  a.m. Intratracheal 
injection of 0.1 ce. (in 1 co.) of 18 hour broth culture of Pneumococcus Type III. 
4.20 p.m. Appears  sick;  shivering  violently; breathing rapidly.  May 1.  Sick; 
sitting quietly in corner of cage.  Respirations  rapid; abdomen distended; fine 
moist r~des heard in right axilla,  May 2 and 3. Condition the same.  Moderate 
dullness,  moist rMes, and distant bronchial  breathing over right upper  lobe. 
X-ray shows moderately increased density in the right upper lobe.  May 5. Im- 
proving.  May 7. Appears well and active.  Killed. 428  EXPEI~T~I~.NTAL PNEUMONIA.  I 
Au~psy.--Resolving interstitial pneumonia, right upper lobe. 
Cultures.--Heart's blood and trachea, no growth. 
Monkey 82  represents  a  mild  pneumonia due  to  Pneumococcus 
Type III.  The onset was abrupt, with characteristic chill and sharp 
elevation  in  temperature  and  leucocyte count.  The  temperature 
curve, however, was irregular and unusual.  It has been stated that 
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~XT-FIO.  13. Monkey  82.  Experimental pnmmlonia iol]o~g  the  intra- 
tracheal injection of 0.1 cc. of Pneumococcus Type III broth culture. 
the strain of Pneumococcus Type III used was relatively avirulent 
for monkeys.  This is clearly shown in Monkeys 115 and 107 (Table I) 
both of which ran short courses  of 3  and 4  days duration without 
invasion of the blood by the pneumococcus.  It is probable that simi- 
lar cases which are occasionally seen in man would be diagnosed as FRANCIS O. BLAKE  AND  RUSSELL L. CECIL  429 
bronchopneumonia  or  abortive  lobar  pneumonia.  The  latter  term 
would seem preferable,  since histological examination has shown that 
invasion  of the lung in these monkeys is identical  with the mode of 
invasion in experimental lobar pneumonia, but that further extension 
of the process to the stage of alveolar exudation and complete lobar 
consolidation is checked, presumably  because of the resistance of the 
animal  against  infection  with  this  strain  of  pneumococcus.  This 
point is discussed further in Paper II. 
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TExT'FIG. 14. Monkey  115.  Experimental  lobar  pneumonia  following the 
intratracheal  injection of 0.1 cc. of Pneumococcus Type IV broth culture. 
Experi~nt  14.  Monkey  115  (Text-Fig. 14).--Macacus  syrichtus, female; 
weight 3,015 gin.  previously inoculated with Pneumococcus Type III on June 
24, 1919.  June 30. Well and active.  July 1, 11 a.m. Intratracheal  injection of 
0.1 cc. (in 1 cc.) of 18 hour broth  culture of Pneumococcus Type IV.  July 2. 430  EXPERIME.NTAL  PNEUMONIA.  I 
Moderately sick; breathing rapidly.  July 3.  Sick; no appetite; respirations  la- 
bored and rapid.  July 4 to 8.  Condition the same.  Coughs occasionally.  July 9. 
Appears  well  and  active.  Temperature fallen  to normal by crisis.  July  16. 
Continues well. 
Diagnosis.wLobar pneumonia. 
Monkey 115 shows that the disease produced by the intratracheal 
injection of Pneumococcus Type IV is identical with that produced 
by the other types of pneumococci. 
Production of Lobar Pneumonia by Contact Infection. 
Epidemiological studies  by Stillman  4 have clearly indicated that 
lobar  pneumonia in man caused by Pneumococeus Types I  and II 
is probably due in large part to  direct or indirect contact infection 
with other cases of pneumonia caused by these organisms.  It was 
therefore  decided to determine whether lobar  pneumonia could be 
experimentally produced in monkeys by contact infection. 
Experiment I5.wMay 26, 1919. Monkeys 16, 19, 20, 106, 107, and 108 (Ma- 
cacus syrichtu,), all well and active, placed in a cage 4 feet by 4 feet by 3 feet. 
May 27,  10 a.m.  Monkeys 109 and  110 (Macacus syrichtus) injected intratra- 
cheally with 0.001 and 0.000001 cc. of 18 hour broth culture of Pneumococcus 
Type I, respectively, and placed in the same cage.  May 28.  Monkeys 109 and 
110  have  developed pneumonia.  Contacts  appear  well.  May  30.  Contacts 
remain well.  Monkey 109 died.  June 1.  Monkey 19 has developed spontaneous 
lobar pneumonia, Pneumococcus  Type IV; removed from cage)  Other contacts 
remain  well.  June 3.  Monkey  110  died.  Contacts  remain  well.  June  5. 
Monkey 112 (Macacus syr@htus) injected intratracheally with 0.01 cc. of an 18 
hour broth culture of Pneumococcus Type I, and placed in cage.  Contacts re- 
main well.  June 6.  Monkey 112 has developed pneumonia.  3.45  p.m.  Contact 
Monkey  16 appears  sick; breathing rapidly.  White  blood corpuscles  59,700; 
blood culture shows Pneumococcus Type I  (Text-fig.  15).  Other contacts well. 
June 7. Monkey 16 sick; respirations rapid and labored.  June 8 to 10. Monkey 
16  running  typical course of lobar pneumonia.  Other  contacts  remain  well. 
June 10.  Monkey 112 died.  June 11.  Monkey 16 recovered.  June 12.  Monkey 
16 killed.  Autopsy.--Lobar  pneumonia,  right lower lobe, resolving.  June 20. 
Contacts remain well.  Monkey 114 (Macacus syr@htus) injected intratracheally 
with  0.000001  cc.  of an  18 hour broth culture of Pneumococcus  Type I, and 
placed in cage.  Developed pneumonia and died on Jurie 25.  June 26.  Contacts 
remain well. 
4 Stillman, E. G., J..Exp. Med., 1916, xxiv, 651; 1917, xxvi, 513. 
5 See Paper III (in press). FRANCIS G. BLAKE  AND  RUSSELL L. CECIL  431 
The production of lobar pneumonia in Monkey 16 by contact infec- 
tion eliminated the one minor artificial  procedure resorted to in the 
preceding experiments; namely,  the  intr~tuction  of  a  needle  into 
the  trachea.  The  fact  that  only one of  the  six monkeys exposed 
contracted Pneumococcus Type I  pneumonia indicates clearly that 
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TZxT-Fxo. 15.  Monkey 16.  Spontaneous  Pneumococcus  Type I lobar pneu- 
monia following contact  with  cases of experimental Pneumococcus Type  i 
pneumonia. 
other factors besides contact play a part in determining whether or not 
pneumonia will develop.  In contrast with this result the constancy 
with which lobar pneumonia was produced by the intratracheal injec- 
tion of even very minute amounts of pneumococcus culture deafly 
indicates that a virulent pneumococcus once having gained entrance 
to  the  respiratory  tract  below  the  larynx  readily  produces pneu- 432  E3~PERIq~E.NTAL PNEUMONIA.  I 
monia in susceptible individuals.  Study of the pathogenesis of ex- 
perimental lobar pneumonia presented in Paper  II indicates that it 
must penetrate  as  far  as  the larger bronchi  within the lung before 
pneumonia will develop.  The  factors which  determine whether  or 
not a  pneumococcus will gain access  to  the lower respiratory tract 
have not been studied.  The following experiment clearly shows that 
its mere presence in the upper respiratory tract even over considerable 
periods of time is not sufficient in itself to cause even a  highly sus- 
ceptible animal to develop pneumonia. 
E~ect of Inoculating  Monkeys in  the  Nose  and  Throat  with  Virulent 
Pneumococcus. 
Experiment 16.--June  26,  1919.  Monkeys 20,  106, 107, and 108  (Macacus 
syricktus).  All well and active.  10.20 a.m. Nose and throat of each monkey 
sprayed with 2 to 4 cc. of an 18 hour broth culture of Pneumococcus Type I. 
Monkeys 20, 106, and 108 were held under observation until July 28, Monkey 
107 until July 1.  All remained perfectly well throughout this period, showing no 
evidence of pneumonia or of infection of the upper respiratory tract.  From time 
to time saliva was collected and injected intraperitoneally into white mice to 
determine whether or not Pneumococcus Type I was still present.  The results 
are shown in Table II. 
TABLE II. 
Persistence of Pneumococcus in the Moutk of Normal Monkeys. 
Monkey No. 
20 
106 
107 
108 
Date of inoculation. 
191# 
June 26 
"  26 
"  26 
"  26 
June 30. 
+ 
+ 
+ 
+ 
Pneumococcus Type I in mouth. 
July 7.  July is. 
+  + 
+  + 
+ 
July 28. 
+ 
+ 
4- 
The continued existence of a  virulent Pneumococcus Type I  in the 
mouths of monkeys for a period of a month without any of them con- 
tracting pneumonia is  of interest.  In connection with experiments 
with Bacillus  influenze  reported in Paper  IX it seems advisable to 
call attention at this point to the fact that a highly virulent pneumo- 
coccus inoculated in large amounts into the nose and mouth of ani, 
reals highly susceptible to pneumococcus infection had absolutely no 
effect upon them whatsoever. FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL  433 
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Effect  of Intravenous  and  Subcutaneous  Inoculation  of Monkeys  wlth  ~ 
Virulent Pneumococcus. 
Previous attempts to produce lobar pneumonia in normal animals 
by intravenous or subcutaneous inoculation of pneumococcus have 
met with consistent failure.  3  In spite of this fact the theory that the 
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TExT-FIo. 16. Monkey 46.  Effect  of the subcutaneous injection of 0.001 cc. 
of Pneumococcus  Type I broth culture. 
disease in man is hematogenous rather than  bronchiogenic in origin 
has from time to time been advanced, although without convincing 
evidence to support it.  It therefore seemed advisable to control the 
results obtained by intratracheal injection by a series of experiments to 
determine the effect of intravenous and subcutaneous inoculation of 
pneumococcus in monkeys.  Five monkeys received intravenous in- I~RANCIS O.  BLAKE AND RUSSELL L.  CECIL  435 
jections and four monkeys subcutaneous injections of 0.01 to 0.001  cc. 
of an 18 hour broth culture of Pneumococcus Type I, the same strain 
being used as in the preceding experiments, all with entirely negative 
results  in  as  far  as  the  production  of  pneumonia  was  concerned. 
The results are shown in Table III.  Individual variation in suscep- 
tibility probably explains the different results obtained. 
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T~xT-FIG. 17. Monkey 49.  Effect of the intravenous injection of 0.001 cc. of 
Pneumococcus Type I broth culture. 
Two  illustrative  protocols  with  accompanying  clinical  charts are 
presented. 
.Experiment  17.  Monkey 46  (Text-Fig. 16).~Macacus  syri~ktu% female; 
weight 2,550 gin.  Apr.  14,  1919. Well and  active.  Apr.  15,  10  a.m.  Subcu- 
taneous injection of 0.001 ec. (in 1 co.) of 18 hour broth culture of Pneumoeoccus 436  EXPERIMEIqTAL  PNEUMONIA.  I 
Type I.  Apr. I6.  Quiet but otherwise appears well.  Apr. 17. Appears moder- 
ately sick; breathing  normally; chest  clear.  Apr.  18.  Sick; respirations slow; 
chest dear; abdomen slightly distended.  Apr. 19. Found dead in morning. 
Autopsy.--No lesions; lungs normal; pneumococcus  septicenfia. 
Cultures.--Heart's blood, Pneumococcus  Type I; lungs, no growth. 
Experiment 18.  Monkey 49 (Text-Fig. 17).--Macacus syrichtus, male; weight 
4,120 gin.  Apr. 14, 1919. Well and active.  Apr. 15, 10.30 a.m. Intravenous in- 
jection of 0.001 co. (in 1 cc.) of 18 hour broth culture of Pneumococeus Type I. 
Apr. 16. Quiet; respirations normal; chest clear.  Apr. 18. Moderately sick; no 
definite symptoms; chest clear.  Apr. 19 to 21.  Condition the same.  Apr. 22. 
1 p.m. Very sick; lying on floor of cage.  3 p.m. Died. 
Autopsy.--No lesions; lungs normal; pneumococcus  septicemia. 
Culture.--Heart's blood, Pneumococcus Type L, 
Monkeys 46 and 49 show that pneumococci injected subcutaneously 
or intravenously exhibit no tendency to localize in the lungs, or, in 
fact, anywhere in the body, but produce only a pneumococcus septi- 
cemia.  Symptoms characteristic of lobar  pneumonia were entirely 
lacking in both animals throughout the course of the infection as they 
have been in other animals so inoculated. 
Effect  of Intratracheal Injection  of Sterile Broth, Killed Pneumococcus 
Culture, and Living Avirulent Pneumococcus. 
A few further experiments to control the results obtained by intra- 
tracheal injection of living virulent pneumococci were carried out as 
shown in Table IV. 
The entirely negative results in these experiments show that the 
direct intratracheal injection of I  cc. of fluid with or without pneu- 
mococcus ceils was not in itself in any way responsible for the devel- 
opment of  pneumonia  in  monkeys injected by  this  method  with 
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DISCUSSION. 
That  the disease experimentally produced in monkeys by the in- 
tratracheal injection of minute amounts of pneumococcus cultures is 
clinically identical with lobar pneumonia in man seems quite clear 
and  requires no special comment.  Certain features of the disease, 
however, which have come out during the course of the study require 
discussion,  since they may serve to throw some light on the course of 
lobar pneumonia in man. 
Although it is generally believed that lobar pneumonia is bronchio- 
genic in origin there has been no certain evidence that such is  the 
case,  as  the  recurring suggestion that it  may be  hematogenous in 
origin testifies.  The latter conception has apparently depended upon 
the  clinical observation  of  cases  in  which  the  pneumococcus was 
shown to  be present in  the  blood at  the  time of onset  of clinical 
symptoms of pneumonia, or in occasional instances before  the  clini- 
cal symptoms of pneumonia had appeared.  That the interpretation 
of this observation as indicative of the hematogenous origin of lobar 
pneumonia is incorrect is established by the fact that in the majority 
of  instances  in  pneumonia  experimentally produced  by  the  intra- 
tracheal injection of pneumococcus, the organisms have appeared in 
the blood stream within from 6 to 24 hours after injection, frequently 
before  clinical evidence of  pneumonia or  elevation of  temperature 
had developed.  It is presumable that they rapidly gain access to the 
blood by way of the lymphatics draining from the lungs, a supposition 
well supported by histological study of the earliest stages of experi- 
mental pneumonia presented in the following paper.  The constant 
production of the disease by intratracheal injection and the constant 
failure to produce it by other methods of inoculation are believed to 
be  conclusive  evidence "that  infection  in  lobar  pneumonia  takes 
place by way of the respiratory passages. 
The  failure  to  produce  pneumonia  by  the  instillation  of  large 
amounts of a virulent pneumococcus culture into the nose and throat 
of  animals as highly susceptible  to pneumococcus infection as mon- 
keys, even though the animals so inoculated continued to carry the 
pneumococcus in the mouth for  at  least  a  month,  clearly suggests 
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virulent pneumococcus in the upper respiratory tract will gain access 
to the bronchi.  No experiments to determine what these factors are 
were carried out.  It seems established by this observation, however, 
that the pneumococcus is incapable of initiating an infection of the 
normal  upper  respiratory  tract  in  monkeys at  least,  and  that  it 
should probably be regarded only as a secondary invader when found 
associated with such infections in man. 
It is generally stated that the degree of leucocytosis in lobar pneu- 
monia in man is inversely proportional to the severity of the pneu- 
monia, but that individual variation is  so great  that it is  of little 
prognostic value in the given case.  Analysis of the leucocytic reac- 
tion during the course of the disease in monkeys, however, has shown 
a  rather surprising constancy in the relation between the leucocyte 
curve and the severity of the infection as measured by the degree of 
septicemia,  the  development of  complications,  and  the  final  out- 
come.  It has been stated that the onset of pneumonia in monkeys 
is  accompanied by  an initial leucocytosis.  This prellrnluary leuco- 
cytosis,  which was  polymorphonuclear in  character,  usually began 
within 6 hours after injection and reached its apex withlu 24 to 48 
hours.  It varied from 35,000  to 90,000  cells per c.mm., the poly- 
morphonuclear neutrophils comprising from 85 to 95 per cent of the 
leucocytes.  It was not possible to  establish any apparent relation 
between the height of this leucocytosis and the subsequent course of 
the disease.  It was well developed in many cages before clinical evi- 
dence of pneumonia or elevation of temperature had occurred, in this 
respect being similar to the frequent early invasion of the blood by 
pneumococci.  There seems little doubt that it occurred as an imme- 
diate response on the part of the animal to invasion of the pulmonary 
tissue by the pneumococcus and  represents an  effort on the part of 
the host to combat the infection at the point of entrance.  This was 
shown to be the case in a  monkey killed 3  hours after intratracheal 
injection  (Monkey  72,  Paper  II),  the  leucocytes having increased 
from  15,200  per  c.mm. to  25,700  per c.mm. in  that  time.  Histo- 
logical sections of the right lower lobe showed extensive infiltration of 
polymorphonuclear leucocytes in  the  peribronchial  tissue  near  the 
hilum, many leucocytes passing through the mucosa of the bronchial 
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similar  though  more  extensive  infiltration  of  leucocytes  was  ob- 
served in  several monkeys dying within 48  hours after inoculation. 
In  some  of  these  considerable  phagocytosis  of  pneumococci  had 
already taken place. 
Following the preliminary rise in leucocytes there has been a  con- 
stant fall in the curve.  The rapidity and extent of this fall has seemed 
to bear a direct relation to the severity of the disease and the degree 
of pneumococcus invasion of the blood.  This is clearly illustrated by 
contrasting the leucocyte  curve of  Monkey 115  (Text-fig.  1)  with 
that of Monkey 110  (Text-fig. 5).  Study of stained blood films has 
shown that during this fall mature polymorphonuclear  leucocytes are 
increasingly replaced by young forms with two or three nuclear lob- 
ules,  until  in  the  very  severe  cases  with  overwhelming septicemia 
and  marked  leucopenia mature  leucocytes have  practically  disap- 
peared from the blood.  In the latter group of cases occasional nucle- 
ated red blood corpuscles, myelocytes, and polychromatophilic cells 
simultaneously appear.  This  phenomenon points  to  an  initial  in- 
tense stimulation of the bone marrow followed by a  progressive ex- 
haustion  as  the  severity  of  the  infection  increases.  In  harmony 
with  this  supposition is  the  observation that  the  bone  marrow of 
monkeys dying early with an overwhelming septicemia has frequently 
been  almost  entirely  devoid of polymorphonuclear leucocytes,  and 
myelocytes have  been  few  in  number.  It  would  appear  that  the 
leucocytes available at the onset of the disease are transported bodily, 
so to speak, from the bone marrow to the lungs and that the animal 
is no longer able to respond with further production of leucocytes in 
the presence of an overwhelming infection.  Whether the progressive 
exhaustion of bone marrow activity is due to the increasing severity of 
the infection, or the increasing severity of the infection is due to an 
inherent weakness of the leucocyfic defense in the individual animal 
is uncertain. 
In contrast with the foregoing picture is the one presented by less 
severe  cases  which progress  favorably  to  recovery.  The leucocyte 
curve instead of continuing progressively  downward  turns  upward 
again and progressively rises during the latter half of the dis'ease until 
crisis occurs, when it again falls to normal.  Simultaneously with this 
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blood becomes sterile, usually several days before crisis.  This phe- 
nomenon has been surprisingly constant and has occurred in nearly 
all  the cases that have recovered.  It has been pointed out  that  a 
few  animals  exhibiting  this  secondary rise  in  the  leucocyte  curve 
have shown a  continuing septicemia which terminated in death.  In 
this small group of cases autopsy has shown a  complicating pericar- 
difis or empyema in most instances.  In both these groups the bone 
marrow has  frequently shown greatly increased  numbers of myelo- 
cytes. 
The mechanism of recovery from lobar pneumonia has  been  the 
subject of much investigation.  Neufeld and Haendel, Cole and his 
coworkers, Blake,  and others  6 have attributed it in part  to  the de- 
velopment of humoral antibodies and have demonstrated the appear- 
ance of these antibodies in the circulating blood at or about the time 
of  crisis.  More  recently Lord r  has  suggested  that  another  factor 
may be of considerable importance in bringing about crisis and reso- 
lution  of the pneumonic process,  attributing  recovery to  local bio- 
chemical changes in the course of which the acid death-point of the 
pneumococcus is reached.  Although no study of the mechanism of 
crisis  has been made in the course of the experiments reported, cer- 
tain  isolated  observations  seem of interest in  this  connection.  In 
one instance crisis with recovery occurred with pneumococcus septi- 
cemia  persisting  for  48  hours  after  crisis.  In  several  instances  a 
critical fall in  temperature has  occurred about  the  7th  to  9th  day 
with subsequent return of fever and death several days later.  Au- 
topsy has shown a  resolving pneumonia, death apparently being due 
to  a  persisting  pneumococcus  septicemia  usually  associated  with 
some complication.  In another small group of cases recovery from 
the general pneumococcus infection has occurred as evidenced by the 
disappearance of pneumococci from the blood.  Crisis,  however, did 
not occur and the monkeys finally died showing an unresolved pneu- 
6 Neufeld, F., and Haendel, Arb. k. Gsndhtsamte., 1910, xxxiv, 166.  Dochez, 
A. R., J. Exp. Med.,  1912, xvi, 665.  Avery, O. T., Chickering, H. T., Cole, R., 
and Dochez, A. R., Acute lobar pneumonia.  Prevention and serum treatment, 
Monograph of The Rockefeller  Institute for Medical Research, No. 7, New York, 
1917.  Blake,  F. G., Arch. Int. Med., 1918, xxi, 779. 
Lord, F. T., J. Exp. Med.,  1919, xxx, 379. 442  EXPERIMENTAL  PNEUMONIA.  I 
monia with pneumococci still present in the lung.  These observa- 
tions, though far from proving the fact, are not out of harmony with 
the  theory  advanced  by  Lord  with  respect  to  the  mechanism of 
crisis and suggest that other important factors besides the develop- 
ment of humoral immunity are necessary to bring about recovery from 
pneumonia.  With  these points in mind it does not seem unreasona- 
ble to look upon lobar pneumonia as comprised of two distinct though 
intimately related processes; one, always present, being the local pul- 
monary lesion, the other, present in a variable number of cases, being a 
general infection of the body as manifested  by the frequent pneumococ- 
cus septicemia.  Though ultimate recovery must primarily depend  upon 
the ability of the individual to prevent or terminate the general infec- 
tion  when  once  established,  presumably  through  the  existence  or 
development of a humoral immunity, it does not follow that recovery 
from the local process with resolution of the pneumonic consolidation 
need be either coincident with recovery from the general infection or 
dependent upon the same mechanism.  In fact, it would seem well 
established by numerous clinical observations that recovery from the 
general pneumococcus infection when it exists usually precedes, by 
several days at least, recovery from the disease at the time of crisis. 
On  the other hand,  certain  of  the observations cited  above would 
seem to indicate that recovery from the local process as shown by a 
rapidly resolving pneumonia may occasionally occur prior to recovery 
from  the  general  infection or  even  when  death  from  the  general 
infection subsequently takes place.  In view of the above considera- 
tions it would seem not improbable that at least a  dual mechanism 
may be concerned in bringing about final recovery from lobar pneu- 
monia.  Expression of any certain opinion on the subject, however, 
must depend on much further work. 
SUMMARY. 
1.  Lobar  pneumonia has  been  consistently  produced in  normal 
monkeys by the intratracheal injection of minute amounts of pneu' 
mococcus culture. 
2.  The disease produced has been shown to be clinically identical 
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3?  Lobar  pneumonia  has  been  produced  in  the  monkey in  one 
instance by experimental contact infection. 
4.  Normal monkeys inoculated in the nose and throat with large 
amounts of pneumococcus culture have failed to develop lobar pneu- 
monia though  carrying  the  organism in their mouths for at least a 
month.  They have likewise failed  to  show any evidence of upper 
respiratory tract infection. 
5.  Monkeys  inoculated  subcutaneously  or  intravenously  with 
pneumococcus culture have in no instanc  e  developed pneumonia, but 
have either died of pneumococcus septicemia or recovered without 
localization of the infection in the lungs. 
CONCLUSIONS. 
1.  The pneumococcus is the specific cause of lobar pneumonia. 
2.  The pneumococcus is unable to initiate an infection of the nor- 
mal mucous membranes of the upper respiratory tract or to produce 
pneumonia following intravenous injection, but must gain access to 
the lower respiratory tract by way of the trachea in order to cause 
pneumonia. 
3.  Lobar pneumonia is, therefore, bronchiogenic in origin. 
4.  Invasion  of  the  blood  stream  by  the  pneumococcus in  lobar 
pneumonia is secondary to infection of the lungs. 
5.  The  character of  the  leucocyte reaction during  the  course  of 
lobar pneumonia bears a  fairly definite relation to the course of the 
disease. 
EXPLANATION OF PLATE 21. 
FIO. 1~ Monkey 75.  Experimental lobar pneumonia; Pneumococcus Type I. 
X-ray of the chest showing consolidation of the left lower lobe. 
FIG. 2. Monkey 3.  Experimental lobar pneumonia; Pneumococcus Type I. 
X-ray of the chest showing consolidation  of the left upper lobe. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXXI.  PLATE  21. 
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